Dacron suture loops were demonstrated to be inert, consistent carriers in the presence of peracetic acid-based sterilants, whereas black silk sutures had a variable preparation process and interacted with peracetic acid. In addition, Dacron suture loops provided comparable spore loading to black silk suture loops and an HCl resistance of $2 min. These results indicate that black silk suture loops are not appropriate carriers for assessing peracetic acid-based sterilants, and Dacron loops are an acceptable alternative. This finding is consistent with the Office of Science and Technology Laboratory (Center for Devices and Radiological Health) study which determined that "polyester suture material is a viable alternative to silk for the AOAC sporicidal test for liquid disinfectants."
T he use of an inert, polyester (Dacron ® ) suture material was posed as an alternative to the Ethicon black, waxed silk suture material for evaluating the sporicidal efficacy of peracetic acid-based sterilants, specified in AOAC Official Method 966.04, "Sporicidal Activity of Disinfectants" (1) . This proposal is supported as follows:
(1) Dacron suture loops provide a challenge to the sterilant comparable to that provided by black, silk suture loops.
(2) Dacron material, which is unwaxed and undyed, has greater reliability and consistency than black, waxed silk.
(3) Dacron suture loops remain inert in the presence of oxidizing sterilants, providing an accurate indication of the sterilant's sporicidal efficacy.
(4) The scientific community supports the use of alternative, inert carriers, as demonstrated in the peer-reviewed literature and the trend of sporicidal efficacy method development.
This proposal does not address the appropriateness of the AOAC sporicidal test in assessing chemical sterilants, but rather suggests the use of an alternative carrier which improves the validity of the test when the test is determined to be necessary or beneficial.
This modification will be inserted in AOAC Official Method 966.04, section B. Apparatus, (f) Suture loop carrier, as a new paragraph to read: "An inert, polyester Dacron ® material (unwaxed, undyed white braid) of the same suture size and braid specified above may be used as an alternative to silk for evaluating the efficacy of peracetic acid-based disinfectants. These loops require no extraction prior to inoculation."
Dacron Suture Loops

A Comparable Challenge
An alternative, inert carrier (Dacron, such as 6.0 metric, braided unwaxed, undyed white braid from Ashaway Line and Twine Co., Ashaway, RI 02804) has been proposed as a substitution for the black, waxed silk suture loops for assessing the sporicidal activity of peracetic acid-based sterilants. This proposal was based on a literature review which showed that black, waxed silk suture loops would not represent a sufficiently stable carrier in the presence of an oxidizing agent and thus would not provide an accurate indication of the inactivation of spores inoculated on these carriers (2) (3) (4) (5) .
Previous testing to support the use of Dacron as a substitute carrier showed that the synthetic material had comparable spore loading capabilities to silk and passed the AOAC specification for survival after exposure to HCl for a minimum of 2 min (Table 1 ; McDonnell, unpublished data).
A report recently confirmed these data, showing comparable spore loading and HCl resistance of $2 min for Dacron and black silk suture loops (Table 2 ; Ashaway Line and Twine Co., personal communication). In addition, scanning electron microscopy (SEM) was performed to evaluate the physical structure, and hence the penetration challenge, of the Dacron material relative to black silk. The SEM results showed comparable braided structures which provide similar penetration challenges (Figures 1 and 2) .
A Consistent Carrier
The black silk suture material specified in AOAC Official Method 966.04 is coated with a hydrophobic wax layer (Figure 2) . The AOAC method calls for an extraction process on silk material which is intended to extract coatings applied to the suture rendering it water-repellent. The current extraction method, implemented in 1985, includes Soxhlet extraction followed by HCl soak. This method removes most, not all, of the paraffin and beeswax, and 75% of the aluminum salts, which are the chemical constituents of the silk suture loops (6) .
The Dacron material recommended, e.g., white braid (Ashaway Line and Twine Co., Cat. No. 65-AD-20) is neither dyed nor wax-coated; therefore, there is no inherent variability in the effectiveness of wax removal. The suture loops are tied and spore loaded as described in the AOAC method (1) but do not require the extractions specified for loop preparation (Soxhlet extraction, HCl extraction, and air drying).
To evaluate potential extraction variability, chemical and physical analysis of the black silk suture material was performed before and after extraction. These analyses were also performed on Dacron for comparison. The chemical analysis consisted of a heavy metal concentration profile of the suture materials. The physical analysis was performed with SEM and transmission electron microscopy (TEM). The results from these analyses are presented below.
Chemical analysis: Heavy metal concentration.-The metals and their weight concentrations in the suture material were determined by heavy metal analysis before and after the AOAC extraction procedure. According to Beloian and Engler (6) , aluminum, as aluminum salts, was the metal constituent of the silk suture loops. Aluminum would be expected, as aluminum potassium sulfate is used as a mordant in dyeing processes, including the dye used for black silk sutures (Ashaway Line and Twine Co., personal communication; 7).
We found that the major metal constituent of the black silk suture was chromium at about 7000 mg/kg loop. Surprisingly, aluminum was below the detection limit (15 mg/kg loop). Because chromium, as chromium potassium sulfate, is also used as a mordant for dyeing fabrics (7) these data suggest that the manufacturer may have changed the mordant in their black silk suture manufacturing process since 1985. Such a change may not be noticed, as the AOAC method does not include a quality control test to evaluate the black silk suture material; however, it may have a significant effect on the test method. For example, the extraction procedure, which is reported to result in a 75% reduction of aluminum (6), had no significant effect on the chromium level.
Dacron is undyed, and therefore does not use a mordant in the preparation process. This conclusion was supported by the heavy metal analyses which showed no gross metal concentrations comparable to those observed with silk (about 
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a Carrier loading estimated by broth dilution method versus direct enumeration (see Table 1 ). Mean loading value is the average of the lowest dilutions with growth for 10 carrier samples. b CFU = Colony forming units. c A total of 40 carriers per organism and suture type (n = 120) were evaluated, and data were analyzed using a 2-way ANOVA with material and organism as variables. The ANOVA showed a significant difference between the 2 organisms (p = 0.000), but no difference between materials (p = 0.159). d A total of 20 carriers per organism and suture type (n = 120) were evaluated, and data were analyzed using the chi-square test, which showed a 99% chance that the fraction of tubes that will fail the criteria of ³2 min was <0.058.
7000 mg/kg). Therefore, the undyed Dacron suture material is a more controlled, consistent carrier than the black silk material. Physical analysis: Electron microscopy.-SEM of the extracted black silk sutures taken before inoculation showed that, despite the AOAC extraction procedure, the wax was not completely removed from the silk fibers (Figure 3) . A cross-sectional view of these fibers, using TEM, showed variable wax thickness remaining on the silk fibers (Figure 4 ). This incomplete wax extraction of the silk may result in inconsistent carrier preparation. Because Dacron is not wax-coated (Figure 1) , it does not have this variability and, thus, is a more reliable carrier.
An Inert Carrier
The Dacron suture loops remained nonreactive in the presence of oxidizing sterilants, in contrast to the black, waxed silk suture loops. This conclusion was based on a chemical and mechanical assessment performed for both suture materials. Specifically, the chemical assessment determined the effect of the suture material on the peracetic acid concentration, and the mechanical assessment evaluated the effect of the sterilant on the suture material. The results from these assessments are presented below.
Chemical assessment: Peracetic acid degradation kinetics.-To determine the effect of the suture material on the sterilant, peracetic acid concentration as a function of time (degradation kinetics) was measured in the presence of both black silk suture loops and Dacron suture loops, in the recommended AOAC ratio (1 loop per 2 mL). Although the study could not evaluate the interaction in the microenvironment of the suture loop, a decrease in the solution's peracetic acid concentration is indicative of a potentially greater decrease at the microenviroment level.
The results from these kinetic studies showed that Dacron suture loops did not significantly change the peracetic acid degradation rate, whereas black silk suture loops resulted in a 41% increase in the degradation rate relative to the control (absence of loops; Table 3 ; 8). In addition, although Dacron loops did not affect the pH of the sterilant solution relative to the control, the black silk loops lowered the pH by approximately 0.12 units at a 12 min exposure time.
Peracetic acid degradation in the presence of black silk suture loops was also reported by Fischbach (5) acid concentration. Fischbach hypothesized that the faster peracetic acid degradation resulted from the presence of an organic load (carried over from the bacteriological growth medium used to prepare the carriers). Given that testing also showed an increased degradation rate in the presence of silk, but did not include an organic load, it appears that the higher degradation rates found by Fischbach and in our studies are directly related to the black silk material itself.
Similar results for another oxidizing chemical, chlorine dioxide (9), reported that, "silk suture loops (or the silk protein itself) caused inactivation of the chlorine dioxide disinfectant. Polyester loops, however, yielded little or no inactivation."
Investigations have confirmed that black silk interacted with the peracetic acid-based sterilant, resulting in a gross measurable decrease of the peracetic acid concentration over time, relative to a control (no loops). Dacron, which is composed of a synthetic material with no dyes or wax coating, remained inert and therefore had no effect on the peracetic acid degradation kinetics relative to a control.
Mechanical properties.-To determine if peracetic acid interacted with the suture material, we evaluated the suture material's mechanical properties by performing tensile tests on both Dacron and black silk suture material before and after peracetic acid sterilant exposure (8) . These tensile tests provided data on the tensile stiffness, yield strength, ultimate tensile strength, elongation-at-break, and energy-to-failure of the material.
Tensile tests performed on Dacron suture material before and after peracetic acid sterilant exposure did not result in statistically significant differences for the tensile stiffness, yield strength, ultimate tensile strength, elongation-at-break, and energy-to-failure. In contrast, black silk suture material resulted in a statistically significant decrease of 13% in tensile stiffness and a statistically significant increase of 7% in elongation-at-break after sterilant exposure. This decreased tensile stiffness coupled with a higher elongation-at-break indicates that the silk material had become more elastic. This mechanical data supports the conclusion that the Dacron material is nonreactive, whereas the black silk material is reacted upon by the peracetic acid.
Scientific Community: Review of AOAC Sporicidal Test Evaluations and Recommendations
Numerous studies have been performed over the past 25 years evaluating the parameters and criteria of AOAC Official Method 966.04, "Sporicidal Activity of Disinfectants." Results of these studies indicate that the test contains significant variability, does not use representative carriers, and uses a carrier material (silk) that interacts with oxidizing sterilants. Table 4 presents issues that have been raised in the scientific literature regarding several of the materials and methods of AOAC Official Method 966.04.
As outlined above, industry, academia, and government agencies have recognized the limitations of the current AOAC sporicidal efficacy test; thus, alternative methods are being developed by Miner et al. (15) , the University of Ottawa, and, BS EN 14347 (16) . Each method has its particular test matrix, and all of these alternative methods use inert substrates as carriers.
These investigations may lead to the development of an alternative sporicidal carrier test(s). In the interim, we believe that Dacron suture loops are an acceptable alternative carrier for black silk in assessing the sporicidal efficacy of peracetic acid-based systems per AOAC Official Method 966.04.
Conclusions
The use of Dacron suture loops as an appropriate alternative carrier for silk suture loops in assessing the sporicidal efficacy of peracetic acid-based sterilants is supported as follows: comparable spore loading and HCl resistance of $2 min; greater consistency in preparation, as Dacron is unwaxed and undyed; inertness to peracetic acid-and chlorine dioxide-based sterilants; endorsement from recognized experts in the scientific community. An inert suture material (polyester) was proposed as an alternative to silk.
9, 10
Carriers: porcelain penicylinders; black, waxed silk suture loops
Carriers are not representative of medical device materials which exhibit different adherence properties and resistance.
11
Porcelain penicylinders may be reused, which results in variable sporicidal efficacy.
12
Silk extraction process Extraction procedure does not remove all of the wax coating, which results in a variable carrier.
6, 10
Culturing procedure Garden soil for broth is undefined, which results in variable carrier resistance.
13
Cotton/wool filtration media are undefined, which results in variable culture purity.
12
Inoculation procedure A carrier population is not specified. Carrier populations have met the AOAC HCl resistance test with as few as 500-1000 spores.
14 HCl resistance test HCl resistance for AOAC carriers does not necessarily correlate with the most resistant material (carrier) for a particular sterilant.
